In this article, we calculate the form-factors of the transitions B → a 1 (1260), b 1 (1235) in the leading-order approximation using the light-cone QCD sum rules.
measure experimentally, to overcome the difficulty, and study the hadronic matrix elements with some nonperturbative methods, such as the light-cone QCD sum rules and lattice QCD.
The relevant exclusive semi-leptonic decays in determining the CKM matrix element V ub are B → πlν l , ρlν l , Alν l , where A denotes the axial-vector mesons. The semi-leptonic decays B → πlν l , ρlν l , which were firstly observed by the CLEO collaboration [2] , have been extensively studied theoretically. The semi-leptonic decays B → Alν l are expected to be observed at the LHCb, where the bb pairs will be copiously produced with the cross section about 500 µb [3] . The B → a 1 (1260) form-factors have been studied with the constituent quark meson (CQM) model [1] , the covariant light-front (CLF) approach [4] , the improved Isgur-Scora-Grinstein-Wise (ISGW2) model [5] , the QCD sum rules (QCDSR) [6] , the lightcone QCD sum rules (LCSR) [7, 8] and the perturbative QCD (pQCD) [9] , and the values differ from each other remarkably. It is interesting to restudy the semi-leptonic decays B → a 1 (1260)lν l , b 1 (1235)lν l with the chiral current using the LCSR [10] [11] [12] [13] [14] .
In the light-cone QCD sum rules [15] , we carry out the operator product expansion near the light-cone x 2 ≈ 0 instead of the short distance x ≈ 0, while the nonperturbative hadronic matrix elements are parameterized by the light-cone distribution amplitudes (LCDAs) of increasing twist instead of the vacuum condensates. Based on the quark-hadron duality,
we can obtain copious information about the hadronic parameters at the phenomenological side, for example, the form-factors. The twist-2 and twist-3 LCDAs usually enter the sum rules and play an important role in the LCSR for the form-factors. A better understanding of those LCDAs is critical to make the calculations more reliable. In Refs. [16, 17] , K. C.
Yang proposes model LCDAs for the axial-vector mesons, which are expanded in terms of the Gegenbauer polynomials, and estimates the coefficients of the LCDAs with the QCD sum rules. If we choose the chiral currents, the twist-3 LCDAs have no contributions to the form-factors, the uncertainties originate from the LCDAs can be reduced remarkably [10] [11] [12] [13] [14] . In this article, we extend our previous works to study the semi-leptonic decays
The paper is organized as follows: In Sec.II, we study the B → a 1 (1260), b 1 (1235) formfactors with the chiral current using the LCSR; in Sec.III, we present the numerical results of the form-factors, the differential decay widths and decay widths of the B → a 1 (1260)lν l , b 1 (1235)lν l ; Sec.IV is reserved for summary and discussion.
We extend our previous works [10] [11] [12] [13] [14] to study the B → A form-factors with the chiral current in the framework of the LCSR. The chiral current warrants that the LCDAs of the same (opposite) chirality remain (disappear).
In the standard model, the semi-leptonic decays B → Alν l take place through the following effective Hamiltonian:
where the V ub is the CKM matrix element and the G F is the Fermi constant. In calculations, we are confronted with the hadronic matrix elements A(P, ǫ * )|qγ µ γ 5 b|B(P + q) and A(P, ǫ * )|qγ µ b|B(P + q) , which can be parameterized in terms of the form-factors A(q 2 ),
where
, and the ǫ * ν is the polarization vector of the axial-vector meson. The hadronic matrix element A(P, ǫ * )|qγ µ b|B(P + q) can be redefined as
+ǫ
In the following, we write down the correlation function with a chiral current,
A . We study the relevant form-factors with the transversely polarized axialvector mesons [8] , and obtain simple relations among the form-factors as the corresponding ones in the B → V transitions.
According to the quark-hadron duality [18] and unitarity, we can insert a complete set of intermediate states with the same quantum numbers as the current operatorb(0)i(1−γ 5 )q 1 (0) in the correlation function to obtain the hadronic representation. After isolating the ground state contribution from the pole term of the pseudoscalar B meson, we obtain the result,
It should be stressed that there are contributions from the scalar B-meson, the pseudoscalar , we can obtain the hadronic representation,
The spectral density ρ h µ (s) can be approximated as
by invoking the quark-hadron duality ansatz, where the ρ QCD µ (s) is the perturbative QCD spectral density. Here the threshold s 0 is near the squared mass of the lowest scalar B-meson. Now, we briefly outline the operator product expansion for the correlation function in perturbative QCD. The calculations are performed at the large space-like momentum region [20] , or more specific, 0 ≤ q 2 < 12 GeV 2 for the axial-vector mesons a 1 (1260) and b 1 (1235). We contract the bquark fields in the correlation function, substitute it with the free b-quark propagator, and obtain the result,
The light-cone distribution amplitudes of the axial-vector mesons are defined by [8] A(P, λ)|q
where the u is the fraction of the light-cone momentum of the axial-vector meson carried by the quark, andū = 1 − u. After carrying out the integrals of the x and k, we obtain the following result,
where the transverse projectors, which project the transverse components of the axial-vector meson, are given by [8] ,
here we have taken P µ = En 
We carry out the trace in Eq. (13), and observe that only the leading-twist LCDAs Φ ⊥ (u) have contributions,
With reference to the LCDAs and decay constants of the axial-vector mesons, a few words should be given. In the flavor SU(3) symmetry limit, due to G-parity the twist-2 LCDA
for the 3 P 1 meson and
for the 1 P 1 meson. Based on the conformal symmetry of the QCD Lagrangian, Φ ⊥ (u, µ)
can be expanded in terms of a series of Gegenbauer polynomials C 3/2 m (ξ) with increasing conformal spin [16, 17] ,
where ξ = 2u − 1, the values of the coefficients a 
where the decay constant f3 P 1 (f
) is scale independent (dependent). The G-parity violating decay constants are defined by f
at the energy scale µ = 1 GeV.
After matching with the hadronic representation and performing the Borel transformation with respect to the variable (P + q) 2 , we obtain the sum rules for the form-factors:
where 
Similar relations can be obtained for the B → V form-factors if we use the chiral current in the LCSR [21] . The simple relations obtained for the B → S, V, P, A form-factors in
Refs. [14, 21, 22] and the present work, up to the hard-exchange corrections, are consistent with the predictions of the soft collinear effective theory [23] .
III. NUMERICAL RESULTS AND DISCUSSIONS
The input parameters for the semi-leptonic decays B → a 1 (1260)lν l , b 1 (1235)lν l are taken as [16, 17, [24] [25] [26] : 
We take into account the binding energy difference between the scalar and pseudoscalar B mesons from the QCD sum rules in the heavy quark effective theory [27] , and choose the suitable threshold parameter s 0 to avoid contamination from the scalar B-meson [19] , and obtain the value s 0 = (33 ± 1) GeV 2 , which is smaller than the ones used in the conventional The LCDAs of the axial-vector mesons 3 P 1 and 1 P 1 have been evaluated using the QCD sum rules [16, 17] . Owing to the G-parity, the chiral-even two-particle LCDAs of the 3 P 1 We present the central values of the B → a 1 (1260) form-factors Table II compared with the predictions from the CQM model [1] , CLF approach [4] , ISGW2 model [5] , QCDSR [6] , LCSR [7, 8] , and pQCD [9] . From the table, we can see that the present predictions are consistent with the ones from QCDSR [6] and LCSR [7, 8] except for the A 0 (0), and differ from the values from other theoretical approaches remarkably. It has been point out by K.C.Yang in Ref. [8] that the higher twist effects might be negligible, while we exclude all contributions from the higher twist LCDAs by using the chiral current in the correlation function. In addition, the form-factors A 1 , A 2 , A 0 , A are not independent, they are related with the formulae like (27) and (28).
In Fig.3 , we plot the q 2 dependence of the form-factors
the transitions B → a 1 (1260), b 1 (1235) in the region 0 ≤ q 2 < 12 GeV 2 , which is similar to the accessible region 0 ≤ q 2 < 10 GeV 2 in the QCD sum rules [6] can be written as [6, 9] 
A , and L, +, − denote the helicities of the axial-vector mesons.
We plot the differential decays widths of the B → a 1 (1260)lν l , b 1 (1235)lν l in the effective Figs.4-5 , where we take m e = m µ = 0. We can integrate the differential decay widths over the variable q 2 , and obtain the decay widths, which satisfy the relation Γ − > Γ L ≫ Γ + , and are consistent with the results of Ref. [8] . 
IV. SUMMARY AND DISCUSSION
In this article, we calculate the B → a 1 (1260), b 1 (1235) form-factors in the accessible region 0 ≤ q 2 < 12 GeV 2 with the light-cone QCD sum rules at the leading order approximation, then study the differential decay widths and decay widths of the semi-leptonic decays B → a 1 (1260)lν l , b 1 (1235)lν l .
(1) In this paper, we choose the chiral current to interpolate the B-meson, and observe 
